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The Mu2e experiment at Fermilab will search for the neutrinoless
conversion of a muon into an electron in the field of amédleus.

Proton Beam

Production Solenoid Detector Solenoid

Muon Stopping Target

WAL
-t UL
\\\\\\\
WA\ N 5

o
$1)
)

e

[ e

dly
“'v""“‘-'\l TR
DR W

~11m

v 4
Production Target Transport Solenoid / ‘ ;\. > Calorimeter

Tracker

As the previous talk by Jim Popp introduced the Mu2e experimen
and went into detail on the Tracker design, | will keep the
Introduction brief.
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Physical description:

A 15>m thickMylar straws

A 5 mm diameter

A Length from 45 to 120 cm

A 500 A of aluminum on both inside and outside
A An additional 200 A of gold on the inside

The outside aluminization of the Mylar straws act as
additional electrostatic shielding and reduces leak
rate of straws. P
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Panel Prototype

Tracker | Qty

Unit

Stations | 18

Planes 36

Panels 216

Straws 20736

The straws must hold in thergonCQ (80:20) gador

Throughout the tracker, the the tracker and maintain a 1 atm pressure difference
straws have a total surface with the vacuum.
area of over 3 million cfn In order to maintain a steady state vacuum in the
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be below 7 cc/min.
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Vacuum leak tests measure the
leak rate of straws through
prolonged pressure change of the
vacuum chamber. The straw is
inside a vacuum with 1 atm of
ArgonCQ (80:20 gas inside the R L Manometers

York Vacuum Setup

Capacitance

Gauge
straw. =

While a successful method of S e
measurement, the process takes I
over 24 hours to confidently ,
ensure leak rate is below the 3 x Calibrated Gate

4 i Leak Valve
10# cc/min for each straw. Gas Long

Feedthrough Chamber

This method is unlikely to be able
to test 20,000 straws in a year.
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A Studies from Brookhavémnd Dupont
have shown Mylar to be particularly
permeable to COcompared to Argon. _

A CQ sensors are relatively cheap compared,
to vacuum equipment, so we can cheaply
build many chambers.

A Flushing a chamber with Nitrogen is much
faster than pumping down to vacuum and
waiting for initial outgassing to settle.

Create a small chamber to house a straw filled with & measure the rate at
which theCQ fills up the chamber.

1:Brookhaverpreprint BNE4892, published in Journal of Vacuum Science and Technology A, vol 12, Is
2: http://usa.dupontteijinfilms.com/informationcenter/downloads/Chemical_Properties.pdf
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Flushing Mode

Nitrogen input
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The chamber may operate in two mode:

1. Flushing Mode, for flushing the chamber to remove, COx
2. Measurement Mode, circulate the trapped gases in th

chamber for measuring leak rate
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Test Chamber parts:
A CQsensor
Fan

A 3 way ball valve
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The CQsensors used are EE891byEEIektronik.
These give readings every 15 seconds in range from:
0¢ 2000 PPM with an accuracy£50 PPMt2% .

The CQsensors are read out by a microcontroller.
Multiple sensors can be read by a single
microcontroller.

1: http://www.epluse.com/fileadmin/data/product/ee891/datasheet_ EE891.pdf
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a) End pieces have been designed to allow the insertion and
trapping of gas in the straw

b) End pieces are epoxied into straws with Viton tubing attache
c) Strawsare kept in protective plastic tubes for ease of handling
and storage

d) Straws are flushed and then pressurized and sealed to 1 atn
above ambient pressureith CQ
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a) Straws are placed into the chamber as the chamber is flushed with Nitrogen

b) Chamber is closed and switched into measurement mode

c) After 1 minute, each sensor reading is used to find the leak rate through a simple line
regression

d) Measurement uncertainty < 1/10 Maximum allowed leak rate in less than 1 hour

e) Straws are theremoveanddepressurized

f) Chamber is flushed and ready for the next straw
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Leak rate(L) for the straw is a factor of slope(S
chamber volume(V), and a correction from
using pure C¢lo ArgonCQ mix (a).
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Specific straws were tested in
both setups and the measured
leak rates were consistent.

A small fraction of straws wiill
continue to be vacuum tested
throughout the production
process.
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Over 20,000 straws is a large task.

We currently have 9 operational
chambers (5 at Fermilab, 4 at the
University of Minnesota). This
number should increase as we
move into production.

A database is organized to store
the leak rate and history of each
straw. Straws are given barcodes
which are scanned to automate
the recording process.
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A Making sure the leak rate of the tracker is within
specified limits is critical to the Mu2e experiment.

A To this end, every straw will be checked for leaks prior
to installation into a panel and every panel will be
tested before being put into the tracker.

A We have developed a device and procedure to quickly
and accurately measure the leak rates of each straw.

A The Muz2e straws will be tested and ready for assembly
by the middle of 2017.
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Example of variou€Q

. Volume of 5 Chambers
injection measurements

of 2 different sizes
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The COsensors measure the level of OO PPM:
VCD
PPM = Z x 10°
chamber

MeasuringnPPM vs Injected G@olume gives us an accurate measurement

of the chamber volume to withid percent.
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The final check to ensure no excess
leaking of the tracker will come after
the panels are fully assembled.

Each panel will be placed into vacuum

and measured for total leak rate
before being added to the Tracker.

Aug 5, 2015 Dan Ambrose, University of Minnesota

17



